Introduction

C
ONSTRUCTED WETLANDS (CWS) are widely perceived as a low-cost, relatively low-maintenance alternative to conventional tertiary wastewater treatment for meeting increasingly stringent discharge standards for reclaimed municipal wastewater reuse (USEPA, 1988; Bastian & Hammer, 1989) . They are engineered systems that have been designed to take advantage of many of the same processes that occur in natural wetlands, but do so within a more controlled environment (Vymazal 2005) . The system utilizes wetland plants and micro-organisms, which are the active agents in the treatment processes (Kadlec & Knight, 1996) . Constructed wetland systems can potentially tolerate variable volumes of water and varying contaminant levels. The sources include municipal and domestic wastewater, urban surface runoff, agricultural wastewater, industrial effluents and polluted surface water in rivers and lakes (Sekiranda & Kiwanuka, 1998) .
The technology of wastewater treatment by means of CWs with horizontal sub-surface flow (HFCWs) was started in Germany based on research by Kathe Seidel commencing in the 1960s and by Reinhold Kickuth in the 1970s (Vymazal, 2009) . In these systems the wastewater is fed in at the inlet and flows slowly through the porous medium under the surface of the bed in a more or less horizontal path until it reaches the outlet zone where it is collected before leaving via level control arrangement at the outlet. During this passage the wastewater will come into contact with a network of aerobic, anoxic and anaerobic zones. The aerobic zones occur around roots and rhizomes that leak oxygen into the substrate (Brix, 1987; Cooper et al., 1996) . Due to long retention time, the HFCW can provide a reliable secondary level of treatment with regard to organic matter (OM) and total suspended solids (TSS) (Mander & Mitsch, 2009; Manios et al., 2003; Zurita et al, 2009) . It is well documented that the effectiveness of OM and TSS in HFCWs varied from 72.0% to 95.0% for suspended solids, 71.2-94.1% for BOD 5 and from 59.7% to 89.0% for COD ) (Tuszynska et al 2008) . The major removal mechanism of nitrogen in HFCWs is nitrification/denitrification (Vymazal, 1998) .
The choice of substrate in CWs is of major importance as it serves as the support of the living organisms and provides storage for many contaminants. Its permeability affects the wastewater flow through the CWs, and it is where chemical and biological transformations, by microorganisms and plants, occur (USEPA, 1995) . The substrates can be natural, such as gravel, sand and organic materials including compost and waste material (USEPA, 1995; Calheiros et al 2008) . Recently the alternative substrates (nature, artificial or waste) have been tested and used as substrates. For example, factory made light-weight expanded clay aggregate (LECA) (Zhu et.al, 1997) ; granulated laterite (Wood and Mc Antamney, 1996;  shale (Drizo et.al 1997) ; crushed marble (Gervin and Brix, 2001) ; zeolite (Stefanakis et al, 2009; Bruch, 2010; Pitcher, et al, 2004 ) ; alum sludge (Zhao (2009a,b,c) ; Sakadevan & Bavor, 1998; Kaggwa et. al, 2001 )) have been used in CWs. Typical effective sizes of the media for subsurface flow CWs vary between 2 and 128 mm and porosity varies between 28% and 45% (USEPA, 2000) . A porous media may be an interesting option since it provides greater surface area for treatment contact and for biofilm development.
The use of natural zeolites in environmental applications is spreading due to their properties and significant worldwide occurrence. Natural zeolites are crystalline, hydrated aluminosilicates of alkali and earth metals that possess infinite, strong, open, one-or three-dimensional crystal structure (Pansini, 1996; Noori et al, 2006) . Natural zeolites have a high ability of riveting microorganisms and removing ammonia and ammonia nitrogen from fluid solutions especially in wastewater treatment (Noori et al, 2006) . Natural zeolites, in particular clinoptilolite have been studied extensively for the removal of pollutants from wastewater due to their wide availability and low cost (Pansini, 1996; Reed et.al, 1995; Tuszynska et al 2008) . The main zeolite property exploited in wastewater treatment processes is ammonium cation (NH 4 + ) exchange ability (Tuszynska et al 2008) Beside zeolite, alum sludge (AS) also has a great potential to be used as a substrate in CWs. AS refers is derived from potable water treatment process that employs aluminium sulphate as coagulant to reduce the levels of suspended particles, colour and organic matters in source water. AS is regarded as a "waste" and consequently buried as a waste material in landfills. Due to the high reactivity of AS and the strong chemical affinity of Al for phos-228 THE INTERNATIONAL JOURNAL OF ENVIRONMENTAL, CULTURAL, ECONOMIC AND SOCIAL SUSTAINABILITY phorus (P) in wastewater, AS has huge potential for use as valuable material in wastewater treatment engineering (Zhao, 2010) . The use of AS as a CWs medium has the potential of improving wastewater treatment and also transforming alum sludge from 'waste' into useful material.
The purpose of this study was to examine, in controlled laboratory experiments, the effectiveness of a lab scale model at treating a moderate strength wastewater for a short term operation. This study focused on the effectiveness of substrates and hydraulic retention time (HRT) to the treatment system especially to remove organic matter and total nitrogen (TN).
Materials and Methods
Three similar lab-scale horizontal subsurface flow constructed wetland units (HFCW) were constructed and operated for approximately 10 months and are still in operation. Three identical HFCW units were constructed of high-density polyethylene with dimensions of 0.6 m in length and width and 0.44 m in depth for this study. The HFCW unit was divided into three sections due to the introduction of baffles in the tank. The influent was pumped using peristaltic pumps entering the system directed through the baffles to produced zigzag flow and increased the hydraulic retention time in the HF bed. A schematic of the experimental layout is shown in Fig. 1 . The system was kept in an indoor area and was supplied by 80 Watt Philips Ecotone high lumen twister hydroponic light at day time with cool daylight 6500K.The three of HFCW units were planted with Phragmites Australis and Scirpus Maritimus in different substrates; zeolite (U1), gravel (U2) and alum sludge (U3). The HFCW unit (U1) was filled with natural zeolite with size (2 -5 mm), U2 with gravel (5 -10 mm) and U3 with alum sludge (< 2 mm). All of these substrates were filled to a height 0.4 m and water level during the experiment ware kept at a height 0.35 m. The cobbles (10 -30 mm) were filled at the inlet and outlet zone for all HFCW units. The gravel unit (U2) was used as a control media in this system. The zeolite species used in this study was named as escott and its chemicals composition, provided by the supplier, was: SiO 2 (68.26%), AlO 3 (12.99%), FeO 3 (1.37%), CaO (2.09%), K 2 O (4.11%) MnO (0.06%), MgO (0.83%) and (LOI 8.87%). For alum sludge, the main chemicals composition was Al (43 Mg/kg), Ca (20 Mg/kg), Iron (Fe) (25 Mg/kg), Mg (46 Mg/kg), P (154 Mg/kg) and NO 3 (42 Mg/kg).
The three of HFCW units were fed with synthetic wastewater, which was designed and used to simulate the characteristics of domestic wastewater. The synthetic wastewater contained organic substances and sources of nitrogen, phosphorus and other elements. The organic substance used was peptone ( . The experiments were carried out from January to the end of October 2010. Average data reported coincided with the plant age (4 to 39 weeks) and covered the entire cold season and early part of the hot season in the year 2010. The system was subject to two hydraulic retention times (HRT) of 4 and 3 days. Influent and effluent samples from the both units were analysed immediately after sampling. All the samples were analysed weekly for COD, TN, TSS (total suspended solid), 229 N. SHUIB, K. BASKARAN conductivity, pH, temperature and dissolved oxygen. The parameters were determined based on the methods shows in Table 1 .
To determine whether the treatment performances of the wetland with different substrates and HRT were statistically different, one-way ANOVA and t-test at a significance level of 0.05 were applied to the removal efficiencies for each of the water quality parameters. These analyses were conducted by using SPSS 17.0 for Windows software.
Results and Discussion
The influent and effluent concentrations and percent removal statistics (i.e. mean value, standard deviation, minimum and maximum values) for physiochemical parameters of U1, U2 and U3 at different HRT are presented in Tables 2 and 3 .
In all cases, only the effluent COD, TN, DO and TSS levels for all units and both HRTs were less than the influent. The average COD level in the influent for 4 days HRT was 443 mg/L and 412 mg/L for 3 days HRT. All units showed relatively stable removal during the entire operational period, which could be seen from the low standard deviation values of removal efficiency. These results agree with those of Vymazal (2001) who refers to the fact that removal of organics (COD and BOD 5 ) was not influenced by the season, based on operational systems in Czech Republic (Calheiros, et al, 2008) . The COD removals for all units for both HRTs were in range from 67 to 93 %. The units with the greater removal efficiencies at 3 days HRT were the U2 (about 93 %) followed by U3 (about 92%) and U1 (about 85%). However, at 4 days HRT, the greater removal efficiencies was changed to unit U1 (about 88%) followed by U2 (about 78%) and U3 (about 67%). This finding proved that wetland systems do not require a long start-up period for COD removal, even when macrophytes have not reached a stable cover (Lin, et al, 2002) . The COD removal of constructed wetlands is mainly relying on microbiological degradation of the matrix attached to the plant roots (Yang, et al, 2006) .
There are three important features possessed by the HFCW system that make the wetland powerful in removing COD under heavy loads. First, owing to the physical separation mechanism, the organic solids could be settled out and retained in the wetland cell for a longer time, thus allowing better hydrolysis of organic solids for biodegradation to proceed easily. Secondly, substrate placed inside the wetland cell allowed the accumulation of immense amounts of attached bacteria, which were assisting in catalyzing chemical reactions rapidly. And thirdly, organic biodegradation underwent an anaerobic pathway. As such, the limitation of oxygen supply could be avoided, and moreover, maintaining anaerobic conditions inside the wetland cell leads to low sludge production, which can largely prevent the wetland from being clogged by biomass (Lee, et. al, 2004) .
U1 performed greater removal efficiencies for TN compared to two units for both HRTs. TN removal in U1 was significantly higher at 4 days HRT compared to 3 days HRT. The removal was 96 ± 2.97% for 4 days HRT and 89 ± 7.93 % for 3 days HRT. This is the case in most wetland systems, and it probably occurs because nitrogen removal requires longer HRTs. Contrary to U1, the U2 and U3 units were significantly lower in removing TN. The mean removal value for U2 at 3 and 4 day HRTs were 11 ± (4.71) % and 43 ± (27.68) %, respectively. Meanwhile, the removal efficiency for U3 was relatively stable with 23 ± (5.35) at 3 HRT and 20 ± (9.28) at 4 days HRT. In removing TN physical mechanisms made major contributions of 80-92%. Those TN organic solids removed by physical mechanisms, except 230 THE INTERNATIONAL JOURNAL OF ENVIRONMENTAL, CULTURAL, ECONOMIC AND SOCIAL SUSTAINABILITY minor portions of 2-4% lost by stripping, were mostly retained in the wetland cell. If complete TN removal is to be carried out, nitrification and denitrification should prevail (Stowell et al., 1981; Lee, et. al, 2004 ) which means they must occur to enable complete TN removal.
Physiochemical Parameters
Changes in values of the physico-chemical variables of conductivity, pH, water temperature, dissolved oxygen (DO) and total suspended solids (TSS) are also presented in Tables 2 and  3 .
In this study, the EC removal capability differed significantly among the wetland units. U1 performed greater removal efficiencies for EC compared to two units for both HRTs. The removal efficiency in U1 remained constant between 8 and 10% at 3 and 4 days HRT. The average EC effluent for U1 was 1091 and 1369 µS/cm for 4 and 3 days HRT. These values were slightly increased, compared to the values for the influent (1084 and 1212 µS/cm) at 4 and 3 days HRT. For U2 and U3, EC removal was varied between 3 and 4 days HRT. The EC removal for U3 was 0.66 and 2% at 4 and 3 days HRT. For U2, the removal efficiency of EC was decreased with HRT. The removal was from -0.66 % at 4 days to -13 % at 3 days HRT. Compared to all units, the EC removal showed significant variations during the operation period, as shown by the relatively high values of removal efficiency standard deviation at 4 and 3 days HRT. Increased evapotranspiration and/or movement of substrate by plant roots may have accounted for this effect (Hench et al, 2003) . Figure 2 shows the EC variation along the entire HFCW units for both HRT.
Total suspended solids (TSS) include all particles suspended in water that will not pass through a filter. In constructed wetlands, TSS are removed mainly by physical processes such as sedimentation and filtration (Kadlec & Wallace, 2008) followed by aerobic or anaerobic microbial degradation inside the substrate (Merlin et al, 2002) . These processes are achieved when the wastewater passes through the system at a low velocity because of the presence of vegetation and the substrate (Kadlec & Wallace, 2008) . The TSS concentrations in this study remained relatively stable over the course of the sampling season. The TSS removal ranged between 90 % and 96% for all units and their HRT. The TSS removal efficiencies observed in both HFCW units were within the range of results found by other researchers using similar systems. The TSS removal from several studies ranged between 72% and 95% (Merlin et al, 2002; Tuszynska et al 2008; Vymazal, 2009) . Figure 3 illustrating the variation of TSS for all units and their HRT.
Average temperatures in influent and effluent of all units were comparable during both HRTs. The temperature ranged from 14⁰C to 20 ⁰C, respectively. In this study, temperature was determined not to be statistically significant for the removal of the physiochemical parameters Results showed DO varied significantly for the U1 units. The average DO concentration in the U1 was 3.82 mg/L and 2.04 mg/L at 4 days and 3 days HRT respectively. The average DO levels in the U2 and U3 at 4 and 3 days HRT remain almost constant. The DO value for both units (U2 and U3) were in ranged 3.06 mg/L and 3.86 mg/L, respectively and results suggested that the extent of biodegradation and oxygen consumption was highest in the U1 unit.
The pH of the U1and U3 remained relatively neutral, fluctuating between 7.0 and 7.77 with averages of 7.48 (U1) and 7.43 (U3) for 4 days HRT. For 3 days HRT, the pH value in 231 N. SHUIB, K. BASKARAN U1 was between 7.38 and 7.57 with an average of 7.46, while for U3 the pH average was 7.45. Contrasting to U1, the pH in U2 unit became alkaline with an average of 8.15 for the HRT of 4 days and 8.0 for the HRT of 3 days. On the whole, pH values tend to be kept in the neutral or slightly basic zone, possibly due to interactions between the substrate and a biofilm in the treatment system.
Statistical analysis (paired-samples t-test) showed highly significant differences between influent and effluent levels for all measured parameters (p < 0.05) except for temperature (all units and their HRT), conductivity (U2 and U3 at 4 days HRT) and NH 4 -N (U3 at 3 days HRT). The result for paired-samples t-test is shown in Table 4 . The ANOVA analysis showed that only temperature and TSS removal were not significantly different among the three units for both HRTs (p> 0.05) as shown in Table 5 .
Conclusion
Three lab-scales of horizontal subsurface flow constructed wetlands using natural zeolite, gravel and alum sludge were operated for approximately 10 months. During this period the units showed satisfying removal efficiency for organic matter and suspended solids. The reductions in all units were ranged from 67 and 93% for COD and from 91 to 95% for TSS at both HRTs. The reduction of TN, TP and NH 4 -N at 4 and 3 HTR among zeolite, alum sludge and gravel HFCW units were significantly different during the operation. Zeolitefilters proved to improve the effluent quality of constructed wetlands in removing TN and NH 4 -N substantially while removal removal rates of phosphorus appeared to be lower. The removal rate of TN by this unit ranged from 89 to 96% and 98% for NH 4 -N at both HRTs. This study also showed that alum sludge performed significantly better in the removal of TP. The alum sludge unit removed about more than 90% of TP at both HRTs. Previous studies have shown that more than 90% of phosphate can be absorbed by alum sludge cakes (Zhao, 2008) . The combination of two filter media can be an effective and simple solution for providing a final polishing step in wastewater treatment with constructed wetlands. However alum sludge and gravel units were not significantly performed in removing TN and NH 4 -N. These results suggest that it is possible to use zeolite and alum sludge together as a filter media for better quality effluent.
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The Sustainability Community
This is a knowledge community brought together by a common concern for sustainability in an holistic perspective, where environmental, cultural, economic and social concerns intersect. The community interacts through an innovative, annual face-to-face conference, as well as year-round virtual relationships in a weblog, peer reviewed journal and book imprint -exploring the affordances of the new digital media. Members of this knowledge community include academics, researchers, policy makers, public servants, members of government and non-government organisations, consultants, educators and research students.
Conference
Members of the Sustainability Community meet at the International Conference on Environmental, Cultural, Economic and Social Sustainability, held annually in different locations around the world. Our community members and first time attendees come from all corners of the globe. Intellectually, our interests span the breadth of the various sustainability disciplines and fields of study. The Conference is a site of critical reflection, both by leaders in the field and emerging scholars. Those unable to attend the Conference may opt for virtual participation in which community members can either submit a video and/or slide presentation with voice-over, or simply submit a paper for peer review and possible publication in the Journal.
Online presentations can be viewed on YouTube.
Publishing
The Sustainability Community enables members to publish through three media. First, by participating in the Sustainability Conference, community members can enter a world of journal publication unlike traditional academic publishing forums -a result of the responsive, non-hierarchical and constructive nature of the peer review process. The International Journal of Environmental, Cultural, Economic and Social Sustainability provides a framework for double-blind peer review, enabling authors to publish into an academic journal of the highest standard.
The second publication medium is through the book series On Sustainability, publishing cutting edge books in print and electronic formats. Publication proposals and manuscript submissions are welcome.
The third major publishing medium is our news blog, constantly publishing short news updates from the Sustainability Community, as well as major developments in the various disciplines of sustainability. You can also join this conversation at Facebook and Twitter or subscribe to our email Newsletter.
